Regulation of the erythrocyte Ca2(+)-ATPase by mutant calmodulins with positively charged amino acid substitutions.
Four mutant calmodulins with site-specific charge alterations have been used to activate the human erythrocyte Ca2(+)-ATPase. These charge alterations were accomplished either by insertion of new Lys residues or by substitution of Lys residues for Glu in two of the seven calmodulin alpha-helices. Two enzyme preparations, purified monomeric Ca2(+)-ATPase and erythrocyte ghost membranes, were used with comparable results. At 100 nM Ca2+, the Ca2(+)-ATPase activity was lowered significantly by charge reversal from negative to positive in both the central alpha-helix and the carboxy-terminal domain. While all mutant calmodulins with charge reversal ultimately stimulated the Ca2(+)-ATPase activity to the same extent, the concentration of mutant calmodulin required for half-maximal activation was from 36-fold (central alpha-helix) to 126-fold higher (alpha-helix in the carboxy-terminal domain) than that of the control calmodulin. There was also a significant difference in the stimulation of Ca2(+)-ATPase activity by the different mutant calmodulins as a function of Ca2+ concentration, being most pronounced at submicromolar Ca2+ concentrations where enzyme activation by calmodulin appears to be a physiologically relevant mechanism. In contrast to the mutant calmodulins with charge reversal, mutant calmodulins in which two positive charges were added in the central alpha-helix activated the Ca2(+)-ATPase in a way undistinguishable from the control calmodulin.(ABSTRACT TRUNCATED AT 250 WORDS)